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(54) Apparatus for use in cleaning wafers 

(57) A semiconductor wafer scrubbing and drying 
apparatus is capable processing wafers (S) in a vertical 
orientation from start to finish. The apparatus moves the 
wafers (S) in a generally vertical direction from an entry 
station (58) of the apparatus to a dryer (104) of the ap- 
paratus. The wafers (S) enter the apparatus in a cas- 
sette (C1 ) and exit in another cassette (C2) in the same 
order as they were in the entry cassette (C1 ) to preserve 
individual wafer identity. The apparatus is constructed 
so that the compartment in which the wafers (S) are han- 
dled is isolated and the components handling the wafers 
(S) in that compartment are made of a fluorinated plas- 
tic. The actuators (138, 154, 186, 188, 282, 288, 296) 
driving the motion of the wafer handling components are 
located in another compartment. A rinsing device (224) 
in the wafer handling compartment is activated and de- 
activated for rinsing one of the wafers (S) without the 
use of valves in the rinse line. 
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Description 

Background of the Invention 

This invention relates generally to apparatus for use 
in cleaning semiconductor wafers and more particularly 
to apparatus for use in cleaning wafers which protects 
the wafers from particle contamination during the clean- 
ing process. 

As is known, contaminates on the surface of a sem- 
iconductor wafer will adversely affect the eiectrical prop- 
erties of the wafer. Therefore, it is of the utmost impor- 
tance that the wafer surface be substantially free of par- 
ticulate and other contaminates. Thus, at least the final 
stage of semiconductor wafer manufacture involves 
cleaning the wafer to remove the contaminates. Many 
methods are available for cleaning the wafers, including 
both chemical and mechanical processes as well as ul- 
trasonic processes. Even with mechanical cleaning 
some liquids are used to facilitate the process. There- 
fore, it is always necessary to dry the wafers once 
cleaned. 

The exacting standards of cleanliness required in 
the semiconductor industry (e.g., no more than 10 par- 
ticles on the wafer greater than 0.2 micrometers in di- 
ameter) create unique problems for wafer cleaning. For 
example, the cleaning process itself can cause contam- 
inates to deposit on the wafer surface as the wafer is 
handled. The conventional automated cleaning method 
processes wafers in a horizontal position. A wafer trans- 
port which holds the wafer as it is cleaned typically com- 
prises a vacuum chuck or O-ring belt which engages 
one face of the wafer. Heretofore, the motors, belts, 
bearings and other mechanical parts used to clean the 
wafers were in close proximity to the wafer itself. These 
parts are sources of particulate and metallic contamina- 
tion of the wafers in the cleaning apparatus. Moreover, 
the horizontal orientation of the wafers presents a large 
surface area perpendicular to the direction of flow of air 
through the cleaning apparatus. Thus, the surface is 
more likely to capture particles entrained in the air flow 

There are presently some vertical cleaning appara- 
tus such as shown by Kudo et al., U.S. Patent No. 
5,317,778. However, the Kudo etal. apparatus receives 
wafers in a horizontal orientation and then moves them 
to a vertical orientation. As a result grippers having op- 
posing members must be used to grip the wafers on op- 
posing sides for moving them to a vertically upright po- 
sition. The greater the area of the wafer contacted by 
the gripper member, the greater the chance for contam- 
ination of the wafer. Moreover, Kudo et al. rely upon in- 
frared drying which evaporates liquid from the surface 
of the wafer. Evaporative drying leaves behind on the 
wafer contaminants which were suspended or dissolved 
in the wafer cleaning or rinsing liquids. 



Summary of the invention 

Among the several objects and features of the 
present invention may be noted the provision of appa- 

5 ratus for use in cleaning wafers which protects the wa- 
fers from particulate contamination; the provision of 
such apparatus which isolates the wafers from mechan- 
ical components of the apparatus; the provision of such 
apparatus in which the wafers are handled in a vertically 

10 upright position; the provision of such apparatus which 
holds the wafers so that only a thin profile is perpendic- 
ular to the air flow through the apparatus; the provision 
of such apparatus in which contact with the wafers for 
holding them is made only along a lower edge of the 

is wafer; the provision of such apparatus including a dryer 
which rapidly removes liquid from the wafer for drying 
without chemical aid or control of the air pressure in the 
dryer; the provision of such apparatus which facilitates 
tracking of individual wafers. 

20 Generally, apparatus for use in automatically clean- 
ing semiconductor wafers includes a wafer entry station 
for receiving wafers held in a vertical orientation, and a 
first wafer transfer means for transferring one wafer at 
a time from the wafer entry station without changing the 

25 vertical orientation of said one wafer. A spin dryer con- 
structed for receiving said one wafer from said first wafer 
transfer means and holding said one wafer in a vertical 
orientation is rotatable about an axis passing generally 
through the center of said one wafer received from said 

30 first wafer transfer means at a rate of rotation selected 
to throw liquid on said one wafer off the wafer. A second 
wafer transfer means for transferring said one wafer 
from the spin dryer in a vertical orientation to a wafer 
exit station receives said one wafer from said second 

35 wafer transfer means in a vertical orientation. 

In another aspect of the present invention, a method 
for drying a semiconductor wafer in an automatic drying 
machine generally comprises the steps of placing a plu- 
rality of vertically upright wafers in a wafer entry station 

40 of the drying machine. Each of said plurality of wafers 
is lifted vertically out of the wafer entry station and trans- 
ported in a vertical upright orientation to a dryer of the 
drying machine. The wafers are each spun in the verti- 
cally upright orientation in a spin dryer of the drying ma- 

<5 chine to remove liquid from the wafer. Thereafter, each 
wafer is transported in the vertically upright orientation 
from the spin dryer to a wafer exit station. 

Other objects and features of the present invention 
will be in part apparent and in part pointed out hereinaf- 

50 ter. 

Brief Description of the Drawings 

FIG. 1 is a front elevational view of wafer cleaning 
55 and drying apparatus of the present invention; 

FIG. 2 is a front elevational view with the front of 
transparent housing of the apparatus removed to 
more clearly show the arrangement of wafer han- 
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dling components of the apparatus; 

FIG. 3 is a back elevational view of the apparatus 

with the housing broken away to show mechanical 

components of the apparatus; 

FIG. 4 is an enlarged, fragmentary cross sectional s 

view of the apparatus taken in the plane including 

line 4-4 of Fig. 1 and showing a first wafer transport 

arm in phantom with the remainder of the first wafer 

transport removed; 

FIG. 5 is an enlarged fragmentary cross sectional 10 
view of the apparatus taken in the plane including 
line 5-5 of Fig. 1 ; 

FIG. 6 is a cross sectional view similar to Fig. 5 but 
further enlarged and fragmented with parts of the 
apparatus other than a wafer entry station, wafer is 
picker and the first wafer transport of the apparatus 
removed; 

FIG. 6A is an enlarged fragmentary front elevational 
view taken from Fig. 2 illustrating transfer of a wafer 
from the wafer picker to the first wafer transport; 20 
FIG. 7 is a cross sectional view of the apparatus 
similar to Fig. 6 but with the wafer picker removed 
and a wafer scrubber of the apparatus additionally 
illustrated; 

FIG. 7A is an enlarged fragmentary front elevational 2s 
view taken from Fig. 2 and illustrating transfer of the 
wafer from the first wafer transport to wafer spin 
pins associated with the wafer scrubber; 
FIG. 8 is a cross sectional view of the apparatus 
similar to Fig. 7 but with the wafer entry station re- 30 
moved and a second wafer transport of the appa- 
ratus additionally illustrated; 
FIG. 8A is an enlarged fragmentary front elevational 
view taken from Fig. 2 and illustrating transfer of the 
wafer from the first wafer transport to the second 35 
wafer transport; 

FIG. 9 is a cross sectional view similar to Fig. 4, but 
further enlarged and fragmented with parts of the 
apparatus other than the second wafer transport 
and a wafer dryer of the apparatus removed; *o 
FIG. 10 is an enlarged fragmentary cross sectional 
view of the apparatus taken in the plane including 
line 10-10 of Fig. 2 but showing the second wafer 
transport in registration with the wafer dryer; 
FIG. 1 1 is an enlarged fragmentary front elevational *s 
view illustrating removal of a wafer from the wafer 
dryer by a take-off wafer transport; 
FIG. 1 2 is a fragmentary cross sectional view similar 
to Fig. 5 but further enlarged and fragmented with 
parts of the apparatus other than the wafer dryer, so 
the wafer take-off transport, a wafer placer and a 
wafer exit station of the apparatus removed; 
FIG. 12A is an enlarged fragmentary front eleva- 
tional view taken from Fig. 2 and illustrating transfer 
of the wafer from the wafer take-off transport to the ss 
wafer placer; 

FIG. 13 is a cross sectional view similar to Fig. 12 
but with the wafer dryer and the wafer take-off trans- 



port removed and illustrating placement of the wafer 
in a cassette at a wafer exit station of the apparatus; 
FIG. 14 is an enlarged, fragmentary cross sectional 
view similar to Fig. 9 showing a wafer rinsing device; 
and 

FIG. 1 5 is an enlarged, fragmentary front elevation- 
al view similar to Fig. 2 and showing the wafer rins- 
ing device. 

Corresponding reference characters indicate corre- 
sponding parts throughout the several views of the 
drawings. 

Detailed Description of the Preferred Embodiments 

Referring now to the drawings, and in particular to 
Figs. 1-3, apparatus for use in cleaning semiconductor 
wafers is shown to comprise a housing, generally indi- 
cated at 20, substantially enclosing a volume to be iso- 
lated. The housing extends through a wall W between 
a clean room, which is the vantage from which Fig. 1 is 
seen, and a service room, which is the vantage from 
which Fig. 3 is seen. Only fragmentary portions of the 
wall W through which the housing 20 extends are illus- 
trated in the drawings. The portion of the housing in the 
clean room contains two compartments, inside the first 
of which semiconductor wafers are processed (i.e., 
cleaned and dried, or simply dried). The first compart- 
ment is defined in part by a top wall 22, a portion of a 
bottom wall 24 of the housing 20, a front wall 26, a right 
side wall 28, a double (eft side wall (including inner and 
outer panels 30A and 30B), and a double rear wall (Fig. 
4) (including inner and outer panels 32A and 32B). The 
second compartment in the clean room is defined by a 
further extension of the bottom wall 24, a top wall 34, 
left and right side walls (designated 36 and 38, respec- 
tively) a front wall 40 and a back wall 42. The double 
walls 30, 32 separate the first compartment from the 
second compartment and a third compartment of the 
housing in which mechanical equipment for actuating 
wafer handling components in the first compartment is 
located. The space between the panels of each double 
wall 30, 32 is exhausted and drained. A drain 43 for 
draining the space between the inner and outer panels 
32A, 32B of the rear double wall is shown in Fig. 4. A 
similar drain (not shown) drains the space between the 
inner and outer panels 30A, 30B of the left side double 
wall. The front wall 26 of the first compartment includes 
an upper door 44 and a lower door 46 mounted by re- 
spective pairs of polymeric brackets 48 connected to the 
housing for independently pivoting each door between 
open and a closed position. 

The rear portion of the housing is a third compart- 
ment which as shown in Fig. 3 is defined by another ex- 
tension of the bottom wall 24, a top wall 50, two side 
walls 52 and two side-by-side rear doors 54. Only frag- 
mentary portions of the rear doors 54 are shown in Fig. 
3, but they are pivotally mounted to respective side walls 
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52 of the third compartment for pivoting between 
opened and closed positions. In the closed position, the 
rear doors 54 cover the open back of the housing 20. 
The walls of the first, second and third compartments of 
the housing described thus far are made of a suitable 
transparent plastic (e.g., Lexan). A front wall 56 of the 
third compartment adjacent to the rear double wall 32 
of the first compartment is a sheet of aluminum approx- 
imately one inch (2.54 cm) thick upon which various ac- 
tuating mechanisms of the apparatus (described here- 
inafter) are rigidly mounted. 

Referring now particularly to Fig. 2, the apparatus 
is shown to comprise a wafer entry station, indicated 
generally at 58, for receiving wafers S (only one is 
shown, in phantom) held in a vertical orientation in a cas- 
sette C1 . The wafer cassette C1 is conventional, con- 
tacting the wafers S only at a few discrete locations 
along their edges. The top and bottom of the cassette 
C1 are open, which as will be seen, facilitates automat- 
ed removal and replacement of the wafers. The wafer 
entry station 58 further includes a transparent constant 
overflow tank 60 in which the cassette C1 is received 
and held between a pair of support arms 62 in the tank. 
In another embodiment (not shown) support arms are 
constructed for supporting the entry wafer cassette C1 
from under the cassette. An advantage of support from 
the bottom is that wafer cassettes of different configu- 
rations are more readily held by the same support arms. 
Deionized water is constantly fed into the tank 60 and 
overflows into a trough 60A around the upper perimeter 
of the tank to keep the environment within the tank 
clean. The trough 60A is connected to drains (not 
shown) for removing the overflow water from the trough. 
A pair of nozzles 61 mounted by a bracket 63 are located 
up and to the right of the overflow tank 60 and spray 
water onto the surface of the water in the overflow tank 
to sweep water at the surface of the tank into the trough 
60A for keeping the surface water clean. 

First wafer transfer means for transferring one wa- 
fer at a time from the wafer entry station 58 for cleaning 
and drying or drying alone without changing the vertical 
orientation of the wafer is designated generally at 64. 
The first wafer transfer means includes a wafer picker 
and first and second wafer transports, designated gen- 
erally by the reference numerals 66, 68 and 70 respec- 
tively. The wafer picker 66 includes an arm 72 and three 
spaced apart fingers 74 at the lower end of the arm. The 
upper end of the arm 72 is connected to a bracket 76 
extending laterally to the left (as seen in Fig. 2) and rear- 
wardly through a vertical slot 78 in the double rear wall 
32 of the first compartment and front wall 56 of the third 
compartment of the housing where it connects to actu- 
ating means to be described hereinafter. The wafer pick- 
er 66 is capable of lifting one wafer S at a time out of 
the cassette C1 to a position above the cassette where 
the wafer is passed off from the wafer picker to the first 
wafer transport 68. 

The first wafer transport 68 has an arm 80 formed 
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with four spaced apart fingers 82 for holding the wafer 
S. The fingers 82 are offset from the fingers 74 of the 
wafer picker 66, which facilitates the passing off the wa- 
fer S from the wafer picker to the first wafer transport 68 
5 (Fig. 6A). The first wafer transport arm 80 is connected 
at its right end to a bar 84 (Fig. 6) extending through a 
vertical slot 86 in the rear double wall 32 of the first com- 
partment and front wall 56 of the third compartment to 
other actuating means described in detail hereinafter. 
The first wafer transport 68 can be moved upward di- 
rectly to the second wafer transport 70 if the wafer S is 
only to be dried, or intermediately to a pair of rotary wafer 
scrubber rollers 88 for cleaning the wafer. 

The scrubber rollers 88 extend through the left side 
double wall 30 of the first compartment and the right side 
wall 38 of the second compartment where they are con- 
nected to an electric motor 90 by a belt 92. The motor 
90 is mounted by a bracket 94 to the right side wall 38 
of the second compartment and may be selectively en- 
ergized for conjointly rotating the scrubber rollers 88 
about their longitudinal axes. Cleaning solution lines 93 
drip a cleaning liquid (e.g., ammonium hydroxide) onto 
each of the scrubber rollers 88. Although the motor 90 
and bracket 94 would be seen through the transparent 
walls 30, 38 of the first and second compartments, it has 
been omitted from the cross sectional views (Figs. 4 and 
5) for clarity. If the wafer S is to be cleaned, the first wafer 
transport 68 carries the wafer upward from the wafer en- 
try station 58 to a position in which the upper half of the 
wafer extends through the scrubber rollers 88. The first 
wafer transport 68 is capable of passing off the wafer S 
in this position to wafer spin pins 96 (Fig. 7A) for rotating 
the wafer, as it is being scrubbed by the rotating rollers 
88, about an axis perpendicular to the wafer and extend- 
ing through its center. The wafer spin pins 96 extend 
through the rear double wall 32 of the first compartment 
and the front wall 56 of the third compartment to a rotary 
actuator mechanism (to be described) for rotation about 
their longitudinal axes. Front and rear rinse nozzles 
(designated 97A and 97B, respectively) mounted on 
brackets (designated 97C and 97D, respectively) spray 
a rinsing liquid (e.g., deionized water) onto the front and 
back portions of the wafer above the rollers 88 as the 
wafer is being scrubbed. 

After cleaning by the scrubber rollers 88, the wafer 
S is passed back to the first wafer transport 68 and car- 
ried up to the second wafer transport 70. The rinse noz- 
zles 97A, 97B spray the wafer as it is lifted up by the 
first wafer transport 68 from between the rollers 88 so 
that the entire front and rear surfaces of the wafer are 
rinsed of cleaning solution. The second wafer transport 
comprises an arm 98 with a generally hook shaped end 
and five pegs 100 (broadly, linger means") projecting 
rearwardly at spaced apart locations on the hook 
shaped end (Fig. 4). The pegs 100 are offset from the 
fingers 82 of the first wafer transport arm 80 to facilitate 
transfer of the wafer S from the first wafer transport 68 
to the second wafer transport 70 (Fig. 8A). The second 
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wafer transport arm 98 extends through a vertical slot 
102 in the rear double wall 32 of the first compartment 
and the front wall 56 of the third compartment where it 
is connected to still other actuating means described 
hereinafter. 

The second wafer transport 70 carries the wafer S 
to a spin dryer, generally indicated at 104, constructed 
for receiving the wafer from the first wafer transport 68 
and holding the wafer in a vertical orientation. The spin 
dryer 104 has an upper jaw 106 and a lower jaw 108 
which can be automatically opened for receiving the wa- 
fer S from the second wafer transport 70, and closed to 
secure the wafer in the dryer. Pegs 110 on the upper 
and lower jaws 106, 108 engage the wafer S along the 
peripheral edge margin of the wafer to hold it in the dryer. 
The pegs 1 1 0 are offset from the pegs 1 00 on the second 
wafer transport 70 to facilitate the transfer of the wafer 
(Fig. 10). The upper and lower jaws 106, 108 of the spin 
dryer 104 are connected through the rear double wail 
32 of the first compartment and the front wall 56 of the 
third compartment to a rotary actuator mechanism de- 
scribed hereinafter for rotating the dryer about an axis 
passing generally through the center of the wafer held 
in the dryer. The spin dryer 104 rotates at high speed 
(preferably in the range of 1 ,500 to 2,200 rpm) to throw 
liquid off the wafer. The spin dryer 104 is relatively mas- 
sive (e.g., 20 lbs. [9.07 kg]) relative to the wafer to min- 
imize vibrations during drying. 

Second wafer transport means of the apparatus ca- 
pable of transferring the wafer from the spin dryer 104 
to a second cassette C2 at a wafer exit station (generally 
indicated at 112) comprises a wafer take-off transport 
and a wafer placer (designated generally by reference 
numerals 1 1 4 and 1 1 6, respectively). Pegs 1 1 8 (broadly, 
"finger means") on a hook shaped end of an arm 1 20 of 
the wafer take-off transport 114 are receivable between 
pegs 110 on the spin dryer 104 for removing the wafer 
S from the dryer (Fig. 11). The wafer take-off transport 
arm 120 extends rearwardly through a pair of parallel, 
horizontal slots 1 22 in the rear double wall 32 of the first 
compartment and the front wall 56 of the third compart- 
ment where the arm is connected to an actuating mech- 
anism described hereinafter. The wafer S is moved lat- 
erally from the spin dryer 1 04 by the wafer take-off trans- 
port 114 to a position over the wafer exit station 112 
(where it is shown in Fig. 2). 

As best seen in Figs. 11 and 12A, the wafer placer 
116 comprises an arm 124 having a generally arcuate 
groove 126 at its upper end sized to receive a lower 
edge margin of the wafer S. A notch 127 in the center 
of the upper end of the arm 124 is sized to receive the 
lower center peg 118 of the wafer take-off transport arm 
120 so that the wafer placer arm 124 can lift the wafer 
off the pegs 118. The arm 1 24 is connected through two 
vertically extending slots 128 to an actuating mecha- 
nism described hereinafter. The arm 124 is connected 
to its associated actuating means at a position below 
the wafer cassette C2 in the wafer exit station 112 and 
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extends up through the cassette C2 to the wafer take- 
off transport 114. The wafer placer arm 124 is movable 
downwardly to deposit the wafer held by its fingers 126 
in the cassette. The wafer exit station 112 comprises in 
5 the illustrated embodiment a pair of arms 1 30 which sup- 
port the wafer cassette C2. As will be described more 
fully, the wafer exit station arms 130 can be indexed in 
a front to rear direction (relative to the housing 20) to 
permit the wafer placer 116 to deposit wafers S next to 
each other in the exit wafer cassette C2. In another em- 
bodiment (not shown) support arms are constructed for 
supporting the exit wafer cassette C2 from under the 
cassette. In that event, the wafer placer arm 124 would 
be movable between the arms and through the open 
bottom of the exit wafer cassette C2. An advantage of 
support from the bottom is that wafer cassettes of dif- 
ferent configurations are more readily held by the same 
support arms. 

All of the components in the first compartment are 
preferably made of fluorinated plastics or a suitable non- 
metallic material to protect wafers in the first compart- 
ment from metals contamination. There is minimal con- 
tact between the wafer and each component holding the 
wafer in the first compartment. The means (e.g., electric 
motors, cylinders and lead screws) actuating motion of 
the wafer holding components are disposed in the third 
compartment. The actuating means, described more 
fully hereafter, are substantially isolated from the first 
compartment so that particle generated by the actuating 
means does not contaminate the wafers. In addition, the 
wafer entry station 58, scrubber rollers 88 and spin dryer 
104 are vertically arranged one above the other. The air 
flow through the first compartment of the housing 20 is 
generally vertically downward so that particles are 
pushed in the opposite direction from the travel of the 
wafer from the entry station 58 to the spin dryer 104. 
Moreover, by holding the wafers vertically upright at all 
locations in the apparatus, only a thin edge is presented 
perpendicular to the direction of air flow, making it less 
likely that any particles entrained in the air flow will be 
deposited on a face of the wafers. 

Referring now to Figs. 3, 4 and 6 r actuation of the 
wafer picker 66 to remove a wafer S from the wafer cas- 
sette C1 at the wafer entry station 58 is illustrated. The 
bracket 76 connects the wafer picker arm 72 to a lead 
screw 134 mounted on a platform 136 in the third com- 
partment. The lead screw 134 is selectively driven by 
an electric motor 1 38 also mounted on the platform 1 36 
and connected to the lead screw by a belt 1 40. The plat- 
form 136 is mounted by four sleeves 142 (only one is 
shown) on vertically extending rails 144 mounted on the 
front wall 56 of the third compartment. A pair of cylinders 
146 mounted on the front wall 56 are operable to move 
the platform 1 36 and hence the wafer picker arm 72 be- 
tween a lowered position in which the fingers 74 of the 
wafer picker 66 are below a wafer in the cassette C1 
and a raised position in which the fingers are located 
above the cassette. A resilient positioning stop (not 
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shown) is engageable with the platform 1 36 in the raised 
position to precisely locate the platform. In operation, 
the platform 136 is dropped by action of the cylinders 
146 so that the wafer picker fingers 72 are below the 
bottom of the cassette C 1 at the rear end of the cassette. 
The motor 1 38 is energized to turn the lead screw 134 
for moving the wafer picker arm 72 forward under the 
next wafer in the cassette C1. The cylinders 146 are 
then re-activated to lift the wafer S up out of the cassette. 
A sensor (not shown) such as a photoelectric eye is po- 
sitioned to detect whether a wafer has been successfully 
removed from the cassette C1 by the wafer picker 66. 

The first wafer transport arm 80 is connected in the 
third compartment by the bar 84 to a slide 148 on a ver- 
tically oriented lead screw 1 50 mounted on the front wall 
56 of the third compartment. The lead screw 1 50 is con- 
nected by a belt 152 to an electric motor mounted 154 
on the front wall 56 operable to drive the lead screw for 
moving the first wafer transport arm 80 to selected lo- 
cations along the length of the slot 86. If the wafer S is 
to be cleaned by the wafer scrubber rollers 88 the first 
wafer transport 68 stops at a position in which the upper 
portion of the wafer extends between the scrubber roll- 
ers and the lower edge margin is just above the wafer 
spin pins 96. This position is illustrated in phantom in 
Fig. 7 of the drawings. 

Referring now to Figs. 3, 4, 7 and 7A, the wafer spin 
pins 96 extend through the rear double wall 32 of the 
first compartment, the front wall 56 of the third compart- 
ment and a pair of spaced apart stands 156 (Fig. 4) in 
which they are mounted for rotation about their longitu- 
dinal axes. At their rear ends (Fig. 3), the spin pins 96 
have pulleys 158 affixed to them which receive a belt 
1 60 connecting the pins to an electric motor 1 62 capable 
of selectively driving the rotation of the pins. The motor 
1 62 is attached by way of a motor mount 1 64 to the rear 
of the two stands 156. The stands 156 are fixed to a 
plate 166 connected by slides 168 to a pair of rails 170 
for motion in a front to rear direction relative to the hous- 
ing 20. An air cylinder 172 connected to the plate 166 
actuates the movement of the plate between an extend- 
ed position (shown in phantom in Fig. 7), and a retracted 
position (shown in solid lines in Fig. 7). A stop (not 
shown) precisely positions the plate in the extended po- 
sition. The rails 170 are connected to a platform 174 
mounted on the front wall 56 of the third compartment 
which also mounts the arms 62 of the wafer entry station 
58 (Fig. 4). 

If the wafers are to be cleaned using the scrubber 
rollers 88, the first wafer transport 68 carries the wafer 
from just above the wafer entry station 58 (shown in solid 
lines in Fig. 7), to a position in which about the upper 
half of the wafer extends between the scrubber rollers 
(shown in phantom in Fig. 7). The air cylinder 172 is then 
activated to move the spin pins 96 from the retracted 
position to the extended position. The fingers 82 of the 
first wafer transport 68 and the spin pins 96 are offset 
so that grooves 1 76 on the ends of the spin pins underlie 



10 

the lower peripheral edge of the wafer. The first wafer 
transport arm 80 is then lowered to set the wafer S in a 
vertically upright position in the grooves 1 76 of the spin 
pins 96, as is shown in Fig 7A. The motor 162 is ener- 
s gized to rotate the wafer S about its center at the same 
time the wafer is scrubbed by the scrubber rollers 88. 
After scrubbing, the hand-off procedure is reversed. The 
first wafer transport arm 80 is moved upward to lift the 
wafer off the spin pins 96, which are then retracted by 
action of the cylinder 172. 

Referring now to Figs. 3, 4, 8 and 8A, the motor 1 54 
is energized to drive the first wafer transport arm 80 up- 
ward through the scrubber rollers 88 to a position behind 
the second wafer transport 70 (shown in phantom in Fig. 
8). The second wafer transport arm 98 is mounted in the 
third compartment to a vertically oriented first plate 178 
attached by slides 180 to a pair of rails 1 82 mounted on 
a second plate 184 fixed to a third plate 185. A first air 
cylinder 1 86 connected to the first plate 1 78 and the third 
plate 1 85 is operable to move the first plate and the sec- 
ond wafer transport arm 98 relative to the second plate 
184 and third plate between extended and retracted po- 
sitions. The third plate 185 is connected by slides 187 
(Fig. 4, only two are shown) on two rails 188 mounted 
on the front wall 56 of the third compartment. A second 
air cylinder 1 90 mounted at one end on the front wall 56 
and at an opposite end to the third plate 185 is operable 
to conjointly move the first, second and third plates 1 78, 
184, 185, and the second wafer transport arm 98, be- 
tween a lowered position and a raised position. 

Just prior to receiving a wafer for transport to the 
spin dryer 104, the second wafer transport arm 98 is in 
its lower and forward position to permit the first wafer 
transport arm 80 to move into registration with the sec- 
ond wafer transport arm as shown in Figs. 8 and 8A. 
The first air cylinder 186 is then activated to move the 
second wafer transport arm 98 rearwardly so that the 
distal ends of the pegs 100 extend between the fingers 
82 of the first wafer transport arm 80 and underlie a low- 
er edge of the wafer S. The rearward or retracted posi- 
tion of the second wafer transport arm is precisely con- 
trolled by a positioning stop 191 A (Fig. 9) engageable 
with a projection (not shown) from the plate 178. The 
first wafer transport 68 is then lowered to set the wafer 
S onto the pegs 100 in a vertically upright position (Fig. 
8A), and continues downward back to a position for re- 
ceiving another wafer from the wafer picker 66 in the 
manner previously described. The first air cylinder 186 
is reactivated to move the second wafer transport arm 
98 back to its forward position. As illustrated in Fig. 9, 
the second air cylinder 1 90 is then activated to move the 
second wafer transport arm 98 to its raised position, in 
registration with the spin dryer 104. A positioning stop 
191 B (Fig. 3) is engageable with the plate 185 to pre- 
cisely position the second wafer transport arm 98 with 
respect to the spin dryer 104. 

Referring now to Figs. 3 and 10, the upper and lower 
jaws 106, 108 of the wafer spin dryer 104 are pivotally 
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mounted by respective rocker arms 192 on the inside 
diameter of a hollow, open ended rotor 1 94 mounted on 
an annular bearing 1 96 for rotation on a spin dryer fixture 
198 attached to the front wall 56 of the third compart- 
ment. The rotor 194 is connected by a belt 200 to an 
electric motor 202 mounted on a bracket 204 above the 
spin dryer 1 04 and capable of rotating the rotor and con- 
nected jaws 106, 108. The rear ends of the rocker arms 
192 are pivotally connected by links 206 to an actuator 
tube 208 coaxial with the rotor 1 94 and received through 
a bearing 210 in the rear end of the rotor. The actuator 
tube 208 rotates conjointly with the rotor 194. A pair of 
air cylinders 21 2 are joined to the actuator tube 208 by 
a connector 214 attached to a bearing 216 mounting the 
rear end of the actuator tube for rotation relative to the 
cylinders, but fixing the actuator tube for conjoint linear 
motion with the cylinders. The cylinders 212 are sup- 
ported by a platform 218 mounted on the fixture 198. 
The upper and lower jaws 106, 108 of the spin dryer 104 
are shown in their closed position in solid lines in Fig. 
10. The links 206, rocker arms 192 and jaws 106, 108 
are shown in their open position in phantom in Fig. 10. 
Thus, it may be seen that when the actuator tube 208 is 
moved forward by the cylinders 21 2, the links 206 pull 
the rocker arms 192 so that they swing the jaws to the 
open position. 

The first air cylinder 186 of the second wafer trans- 
port 70 is activated to bring the wafer S into the open 
upper and lower jaws 106, 108 of the spin dryer 104. A 
positioning stop 213 is engageable with the plate 178 
so that the wafer is precisely located with respect to the 
pegs 110 of the wafer dryer 104. Upon closure of the 
jaws the pegs 110 on the lower jaw 108 lift the wafer off 
the second wafer transport arm 98, and the first cylinder 
186 is reactivated to move the arm forwardly out of the 
spin dryer 104. The wafer S is then held in a vertical 
orientation only along its upper and lower edge margins 
by the pegs 110 of the jaws. 

If the wafer S is scrubbed by the scrubber rollers 
88, it will be rinsed with deionized water after mounting 
in the spin dryer 1 04. The back side of the wafer is rinsed 
by water from a rinse tube 220 coaxially mounted with 
the actuator tube 208 and connected at its rear end to 
a fluid coupling 222 mounted on the platform 218. The 
rinse tube 220 is fixed relative to the actuator tube 208 
and is capable of supplying a spray of water to the back 
face of the wafer held in the jaws 106, 108. 

Referring now to Figs. 14 and 15, the front side of 
the wafer is rinsed by operation of a rinsing device indi- 
cated generally at 224. The rinsing device includes a 
splash box 226 cantilevered by a beam 228 on the right 
side wall 38 of the second compartment and extending 
through the left side double wall 30 of the first compart- 
ment. The splash box 226 is located in front of the spin 
dryer 1 04 near the top of the dryer, and includes a partial 
interior wall 230 defining two interior compartments 
opening to a third interior compartment having a drain 
232. A water line 234 connected in an opening 236 on 



a side of the box 226 opposite the spin dryer 104 is ca- 
pable of delivering a stream of deionized water through 
a first of the two interior compartments defined by the 
partial wall 230. The water stream passes through an 
5 opening 238 in the partial wall 238, and across a second 
of the two interior compartments. The water stream 
leaves the box 226 through an opening 240 in the op- 
posite side of the splash box and impinges upon the wa- 
fer. 

10 A deflector arm 242 is pivotally mounted in the sec- 
ond compartment by a bracket 244 connected through 
the back wall 42 of the second compartment on the alu- 
minum front wall 56 of the third compartment. The arm 
244 extends through right sidewall 38 of the second 
*s compartment, the left side double wall 30 and into the 
first compartment. A pair of deflector shields (designat- 
ed 246A and 246B, respectively) depend from a mem- 
ber 248 at the free end of the deflector arm 244 into re- 
spective first and second compartments of the splash 
box 226. The deflector arm 242 is connected to a pneu- 
matic cylinder 250 in the second compartment which ac- 
tuates pivoting motion between a lower position shown 
in phantom in Fig. 15, in which the deflector shields 
246A, 246B are interposed in the path of the water 
stream so that all of the water is deflected into the third 
compartment and out the drain 232, and a raised posi- 
tion shown in solid lines in Fig. 15, in which the water 
stream is free to pass through the openings 236, 238 in 
the splash box 226 and onto the wafer S. The deionized 
water stream is delivered continuously from the water 
line 234, and rinsing is controlled solely by the position 
of the deflector shields 246A, 246B. It has been found 
that if only a single shield and single compartment in the 
splash box (not shown) is used that water may migrate 
around the single deflector shield and out of the splash 
box onto the wafer. However, it is to be understood that 
a single compartment box and single deflector shield, 
or multiple compartments and deflector shields may be 
used without departing from the scope of the present 
invention. The rinse device 224 of the preferred embod- 
iment may be selectively turned on and off without the 
use of solenoids and valves which can introduce con- 
taminants to the water. In practice, the rinse device 226 
and rinse tube 220 are controlled to spray water onto 
opposite faces of the wafer S held in the spin dryer 104 
at the same time. For instance, the rinse cycle may con- 
stitute about five seconds during the spin dryer 104 is 
accelerating up to its drying speed. 

To dry the wafer, the electric motor 1 38 is energized 
to rotate the jaws 106, 108 at speeds between 1,500 
and 2,200 rpm which causes liquid on the wafer to be 
thrown off the wafer. The jaws 106, 108 are relatively 
massive as compared to the wafer (e.g., the jaws weigh 
20 pounds [9.07 kg] in the preferred embodiment) so 
that there will be substantially no vibrations as the jaws 
rotate. An annular outer shield (generally indicated at 
252) surrounding the jaws 106, 108 in the first compart- 
ment is mounted on the front wall 56 of the third com- 
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partment and extends forwardly through the double rear 
wall 32 into the first compartment. The outer shield 252 
includes a base 252A and an annular rim 252 B connect- 
ed to the base, which catch the liquid thrown radially out 
from the wafer and guide it to a drain 254. The outer s 
shield 252 is constructed to prevent liquid from dripping 
back down onto the wafer S after it is thrown off. More 
specifically, the base 252A has an annular channel 256 
in its forward face which curves radially inwardly. The 
rim has an angled surface 258 which guides liquid 
thrown from the wafer into the channel 256. A surface 
260 of the base 252A radially inwardly of the channel 
256 flares outwardly to guide liquid toward the channel. 
The radially inward extension of the channel 256 permits 
the channel to retain liquid guided into it by the rim 252B, 
rather than dripping back down onto the jaws 106, 108 
and the wafer. Instead, the liquid travels downwardly in 
the channel 256 where it passes into the drain 254. 

The upper and lower jaws 106, 108 are similarly 
constructed to prevent liquid from dripping back down 
onto the wafer S. The upper and lower jaws each include 
a semi-annular rim (designated 262 and 264) connected 
to the jaws. A semi-annular channel 266 in each of the 
jaws 106, 108 adjacent to the rims 262, 264 curves ra- 
dially inwardly, in the same fashion as the channel 256 
in the outer shield 252. In the closed position of the jaws, 
the semi-annular rims 262, 264 and semi-annular chan- 
nels 266 cooperate to form substantially continuous an- 
nular structures. Inner surfaces 268 of the rims 262, 264 
are angled outward toward the channels 266, and sur- 
faces 270 on the jaws 106, 108 radially inward of the 
channels flare outwardly so that water thrown off the wa- 
fer S is guided toward the inner surfaces. The radially 
inward extension of the channels 266 retains liquid in 
the channels rather than permitting liquid to drip off the 
jaws 106, 108 back onto the wafer S. After rotation of 
the jaws 106, 108 is stopped, the liquid in the channels 
266 flows out of the jaws through gaps (not shown) be- 
tween the jaws 106, 108 and their respective rims 262, 
264 to the outer shield 252 and on to the drain 254. 

The wafer take-off transport 114 has substantially 
the same construction as the second wafer transport 70, 
except that the wafer take-off transport arm 120 is 
mounted for horizontal motion laterally of the housing. 
Referring now to Figs. 3, 5 and 11, the wafer take-off 
transport arm 120 extends through the slots 122 and is 
connected to a first plate 272 attached by slides 274 to 
a pair of rails 276 mounted on a second plate 278 par- 
allel to the first plate. The second plate 278 is fixedly 
connected to a third plate 280 oriented generally per- 
pendicular to the first plate 272 and the second plate. A 
first air cylinder 282 connected to the first plate 272 and 
the third plate 280 is operable to move the first plate and 
wafer take-off transport arm 120 relative to the second 
plate 278 between two horizontal positions. The third 
plate 280 is connected by four slides 284 (Fig. 5, only 
two are shown) on two horizontally extending rails 286 
mounted on the front wall 56 of the third compartment. 



A second air cylinder 288 mounted on the front wall 
56 and on to the third plate 280 is operable to conjointly 
move the first, second and third plates and wafer take- 
off transport arm 120 between a position in horizontal 
registration with the spin dryer 1 04 and a position in gen- 
erally above the wafer placer 116. A pair of positioning 
stops 283 (Fig. 3, only one is shown) engageable with 
a projection (not shown) of third plate 280 to precisely 
locate the wafer take-off transport arm 120 in the two 
horizontal positions. The first air cylinder 282 is opera- 
ble, when the wafer take-off transport arm 1 20 is in reg- 
istration with the spin dryer 104, to move the arm rear- 
wardly into the spin dryer. A positioning stop 289B is 
engageable with a projection 289C of the plate 272 to 
precisely locate the wafer take-off transport arm 120 
within the wafer dryer 104. The upper and lower jaws 
106, 108 are then opened to set the wafer on the pegs 
118 of the wafer take-off transport arm 1 20, and the first 
air cylinder 282 activated to move the arm forwardly out 
of the spin dryer 104. The wafer take-off transport arm 
120 is moved laterally to its position above the wafer 
placer 116 by reactivating the second cylinder 288. Air 
cylinder 282 is reactivated to move the wafer take-off 
transport arm 120 rearwardly until the projection 289C 
of plate 272 engages position stop 289D which precisely 
locates the wafer S with respect to the wafer placer arm 
124. 

Referring to Figs. 3, 5 and 11-13, the wafer placer 
arm 124 extends rearwardly and splits into two parts, 
each passing through a respective one of the two verti- 
cal slots 128 in the rear double wall 32 of the first com- 
partment and the front wall 56 of the third compartment. 
Both parts of the arm 1 24 are attached to a plate 290 in 
the third compartment which is connected by four slides 
292 (Fig. 5, only two are shown) to a pair of vertically 
oriented rails 294 mounted on the front wall 56. An air 
cylinder 296 mounted at its upper end on the front wall 
56 is attached at its lower end to the plate 290 for actu- 
ating movement of the plate and wafer placer arm 124 
between raised and lowered positions. After the wafer 
take-off transport arm 120 is moved to its position over 
the wafer placer 116, the air cylinder 296 is activated to 
raise the wafer placer arm up through the open bottom 
and open top of the cassette C2. A positioning stop 297 
engages the plate 290 in its raised position to precisely 
locate the wafer placer arm 1 24. The notch 1 27 receives 
the lower center peg 1 1 8 of the wafer take-off transport 
arm 1 20 so that the upper end of the wafer placer arm 
124 passes above the pegs (Fig. 12A). The wafer S is 
lifted off the pegs 1 1 8 and is supported by the wafer plac- 
er 116 in the groove 126 of the wafer placer arm 124. 
The first air cylinder 282 of the wafer take-off transport 
is re-activated to move the wafer take-off transport arm 
120 forward to a third horizontal position. The wafer S 
is now clear to be placed in the cassette C2 at the wafer 
exit station 112. 

The support arms 130 of the wafer exit station 112 
extend through holes in the rear double wall 32 of the 
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first compartment and in the front wall 56 of the third 
compartment are joined to a common slide 298 connect- 
ed to a lead screw 300. The lead screw 300 is driven by 
an electric motor 302 connected to the lead screw by a 
belt 304 for moving the arms 1 30 and wafer cassette C2 
carried thereby for placement of each wafer in an adja- 
cent slot of the cassette. The lead screw 300 and motor 
302 are mounted on a plate 306 connected to the front 
wall 56 of the third compartment by a brace 308, In its 
raised position, the wafer placer arm 124 extends 
through the wafer cassette C2 in registration with one 
of the slots in the cassette. After the wafer placer arm 
124 receives the wafer, the air cylinder 296 is activated 
to move the wafer placer arm to its lowered position, 
thereby setting the wafer in the slot. The motor 302 is 
energized to index the wafer cassette C2 so that the next 
empty slot in the cassette is aligned with the wafer placer 
arm 124. The wafer cassette C2 is thus positioned for 
placement of the next dried wafer in the slot adjacent to 
that in which the preceding wafer was placed. It will be 
noted that the wafers are placed in the exit wafer cas- 
sette C2 in the same order as they were arranged in the 
entry wafer cassette. Thus, the identity of each wafer is 
maintained after cleaning and drying. 

In view of the above, it will be seen that the several 
objects of the invention are achieved and other advan- 
tageous results attained. 

As various changes could be made in the above 
constructions without departing from the scope of the 
invention, it is intended that all matter contained in the 
above description or shown in the accompanying draw- 
ings shall be interpreted as illustrative and not in a lim- 
iting sense. 



Claims 

1. Apparatus for use in automatically cleaning semi- 
conductor wafers, the apparatus comprising: 

a wafer entry station (58) for receiving multiple 
wafers (S) held in a vertical orientation; 
first wafer transfer means (64) for transferring 
one wafer (S) at a time from the wafer entry sta- 
tion (58) without changing the vertical orienta- 
tion of said one wafer (S); 
a spin dryer ( 1 04) constructed for receiving said 
one wafer (S) from said first wafer transfer 
means (64) and holding said one wafer (S) in a 
vertical orientation, the spin dryer (104) being 
rotatable about an axis passing generally 
through the center of said one wafer (S) re- 
ceived from said first wafer transfer means (64) 
at a rate of rotation selected to throw liquid on 
said one wafer (S) off the wafer (S); 
second wafer transfer means (114, 116) for 
transferring said one wafer (S) from the spin 
dryer (104) in a vertical orientation; 



a wafer exit station (112) for receiving said one 
wafer (S) from said second wafer transfer 
means (114, 116) in a vertical orientation. 

s 2. Apparatus according to claim 1 , wherein: 

said first wafer transport means (64) and said 
second wafer transfer means (114, 116) are 
constructed for holding said one wafer (S) sole- 
to |y along a lower edge margin of said one wafer 

(S); 

said first wafer transfer means (64) comprises 
a wafer picker (66) including an arm (72) and 
finger means (74) on an end of the arm (72), 

is the wafer picker (66) being movable generally 

vertically downwardly to position said finger 
means (74) at a level below the wafers (S) in 
the wafer entry station (58), movable generally 
horizontally to position said finger means (74) 

20 under said lower edge margin of said one wafer 

(S) and movable vertically upwardly to lift said 
one wafer (S) out of the wafer entry station (58); 
and 

said first wafer transfer means (64) further com- 

25 prises a first wafer transport (68) and a second 

wafer transport (70) for receiving said one wa- 
fer (S) from the wafer picker (66) and transport- 
ing the wafer (S) to the spin dryer (1 04), the first 
wafer transport (68) comprising an arm (80) 

30 and finger means (82) on the arm (80), the first 

wafer transport (68) and wafer picker (66) being 
relatively movable to position said finger means 
(82) of the first wafer transport (68) under said 
finger means (74) of the wafer picker (66), said 

35 finger means (82) of the first wafer transport 

(68) being offset from said finger means (74) of 
the wafer picker (66) whereby upon relative ver- 
tical movement between the wafer picker (66) 
and first wafer transport (68) said one wafer (S) 

40 is transferred to said finger means (82) of the 

wafer transport (68), said second wafer trans- 
port (70) comprising an arm (98) and finger 
means (100) on the arm (98), the first wafer 
transport (68) and the second wafer transport 

45 (70) being relatively movable to position said 

finger means (100) of the second wafer trans- 
port (70) under said finger means (82) of the 
first wafer transport (68) whereupon relative 
vertical movement between the first wafer 

50 transport (68) and the second wafer transport 

(70) said one wafer (S) is transferred to said 
finger means (100) of the second wafer trans- 
port (70). 

55 3. Apparatus according to claim 2, wherein: 

the spin dryer (104) comprises a first and sec- 
ond jaws (1 06, 1 08) and a plurality of pegs (110) 
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connected to the first and second jaws (106, 
108), the jaws (106, 108) being pivotable be- 
tween an open position and a closed position 
in which the pegs (110) are adapted to grip said 
one wafer (S) and hold said one wafer (S) for s 
spinning, the second wafer transport (70) being 
movable to bring said one wafer (S) into the 
jaws (106, 108) in their open position, said fin- 
ger means (100) of the second wafer transport 5. 
(70) being offset from the pegs (110) to permit 10 
the pegs (11 0) to move past said finger means 
(100) to the closed position for gripping said 
one wafer (S); 

said second wafer transfer means (114, 116) 
comprises a wafer take-off transport (114) for is 
taking said one wafer (S) out of the spin dryer 
(104), the wafer take-off transport (114) com- 
prising an arm (120) and finger means (118) on 
the arm (1 20), the wafer take-off transport (114) 
and spin dryer (104) being relatively movable 20 
to position said finger means (11 8) of the wafer 
take-off transport (114) under the pegs (110) of 
the spin dryer (104) in the closed position, said 
finger means (118) of the wafer take-off trans- 
port (114) being offset from the pegs (110) of 25 
the spin dryer (104) whereby upon movement 
of the jaws (106, 108) to the open position said 
one wafer (S) is transferred to said finger 
means (118) of the wafer take-off transport 6. 
(114); 30 
said second wafer transfer means (1 1 4) further 
comprises a wafer placer (116) including an 
arm (124) and finger means (1 26) on an end of 
the arm (124), the wafer take-off transport (114) 
and wafer placer (116) being relatively movable 35 
to position said finger means (1 1 8) of the wafer 
take-off transport (114) under said finger 
means (1 26) of the wafer placer (116), said fin- 
ger means (118) of the wafer take-off transport 
(114) being offset from said finger means (126) *o 
of the wafer placer (116) whereby upon relative 
vertical movement between the wafer placer 
(116) and wafer take-off transport (114) said 
one wafer (S) is transferred to said finger 
means (126) of the wafer placer (116), the wa- *s 
fer placer (116) being movable generally verti- 
cally downwardly to deposit said one wafer (S) 
in the wafer exit station (112). 

Apparatus according to any one of claims 1 to 3, so 
wherein the spin dryer (104) is located above the 
wafer entry station (58), and wherein the apparatus 
further comprises opposing wafer scrubber rollers 
(88) located between the wafer entry station (58) 7. 
and the spin dryer (1 04) for scrubbing said one wa- ss 
fer (5), the wafer scrubber rollers (88) being located 
above the wafer entry station (58) and the spin dryer 
(104) being located above the wafer scrubber roll- 



ers (88), and wafer spin pins (96) disposed gener- 
ally below the scrubbing rollers (88) for holding said 
one wafer (S) and rotating the wafer (S) as it is en- 
gaged by the scrubbing rollers (88), the wafer spin 
pins (96) being constructed for holding said one wa- 
fer (S) in a vertically upright position by engagement 
only along its peripheral edge margin. 

Apparatus according to claim 4, further comprising: 

a wafer rinsing device (224) for rinsing the wa- 
fer (S), the rinsing device (224) comprising a 
spray nozzle adapted to continuously deliver a 
stream of rinsing liquid in a direction to engage 
a face of the wafer (S), and a deflector for de- 
flecting the stream of water away from the wafer 
(S); 

the deflector comprising a splash box (226) 
having first and second compartments separat- 
ed by a wall (230), a plurality of substantially 
aligned openings (238, 240), the spray nozzle 
being constructed for delivering said stream of 
rinsing liquid through the aligned openings 
(238, 240), and deflector shields (246A, 246B) 
mounted for being selectively interposed in the 
stream of rinsing liquid to deflect the liquid from 
the wafer (S). 

Apparatus according to any one of claims 1 to 5, 
wherein the spin dryer (1 04) comprises: 

first and second jaws (106, 108) and a plurality 
of pegs (110) connected to the first and second 
jaws (106, 108), the jaws (106, 108) being piv- 
otable between an open position and a closed 
position in which the pegs (110) are adapted to 
grip said one wafer (S) and hold said one wafer 
(S) for spinning, the jaws (106, 108) being con- 
structed to surround the wafer (S) in the closed 
position of the jaws (106, 108), each jaw (106, 
1 08) having an arcuate channel which is curved 
in cross section and includes a radially inwardly 
extending portion to capture liquid thrown off 
the wafer (S) and prevent liquid from dripping 
back onto the wafer (S); 
an annular outer splash shield (252) surround- 
ing the jaws (106, 108), the splash shield (252) 
having an annular channel (256) which is 
curved in cross section and includes a radially 
inwardly extending portion to capture liquid and 
prevent liquid from dripping back onto the wafer 
(S). 

Apparatus according to any one of claims 1 to 6, 
further comprising: 

a compartment substantially enclosing a vol- 
ume to be isolated; 
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wherein said first wafer transfer means (64) 
comprises means (66, 68, 70, 72, 74, 76, 80, 
82, 84, 98, 100) for holding wafers (S) and 
means (138, 154, 186, 188) for actuating move- 
ment of said holding means (66, 68, 70, 72, 74, 5 
76, 80, 82, 84, 98, 100), said holding means 
(66, 68, 70, 72, 74, 76, 80, 82, 84, 98, 100) be- 
ing disposed within the compartment and said 
means (138, 154, 186, 188) for actuating move- 
ment of said holding means (66, 68, 70, 72, 74, 10 
76, 80, 82, 84, 98, 100) being disposed outside 
the housing, said holding means (66, 68, 70, 
72, 74, 76, 80, 82, 84, 98, 100) extending 
through the compartment to connect to said ac- 
tuating means (138, 154, 186, 188) outside the '5 
compartment (20); 

wherein said second wafer transfer means 
(114, 116) comprises means (114, 116, 118, 
120, 124, 126) for holding wafers (S) and 
means (282, 288, 296) for actuating movement 20 
of said holding means (11 4, 116, 118, 120, 124, 
126), said holding means (114, 116, 118, 120, 
124, 126) being disposed within the compart- 
ment and said means (282, 288, 296) for actu- 
ating movement of said holding means (114, 25 
116, 118, 120, 124, 126) being disposed out- 
side the compartment, said holding means 
(114, 116, 118, 120, 124, 126) extending 
through the compartment to connect to said ac- 
tuating means (282, 288, 296) outside the com- 30 
partment; 

wherein the dryer (104) comprises a wafer 
holding mechanism (106, 108) located inside 
the compartment and means (200, 202) for ac- 
tuating rotation of said wafer holding mecha- 35 
nism (1 04, 1 06) located outside of the compart- 
ment. 

8. Apparatus according to claim 7, wherein the com- 
partment comprises at least one double wall includ- *o 
ing an inner panel (32A) and an outer panel (32B), 

the inner and outer panels (32A, 32B) of the double 
wall being spaced apart, and a drain (43) disposed 
for draining liquid trapped between the inner and 
outer panels (32A, 32B), said holding means (66, 45 
68, 70, 72, 74, 76, 80, 82, 84, 98, 100, 114, 116, 
118, 120, 124, 126) of said first and second wafer 
transfer means (64, 114, 116) extending through the 
double wall to connect to said actuating means 
(138, 154, 186, 188, 282, 288, 296) of said first and so 
second wafer transfer means (64, 114, 116), said 
holding means (66, 68, 70, 72, 74, 76, 80, 82, 84, 
98, 100, 114, 116, 118, 120, 124, 126) of said first 
and second wafer transfer means (64, 114, 11 6) be- 
ing made of a fluorinated plastic. ss 

9. A method for drying a semiconductor wafer in an 
automatic drying machine, the method comprising 



the steps of: 

placing a plurality of vertically upright wafers 
(S) in a wafer entry station (58) of the drying 
machine; 

lifting each of said plurality of wafers vertically 
out of the wafer entry station (58); 
transporting each of said wafers (S) in a vertical 
upright orientation to a dryer (1 04) of the drying 
machine; 

spinning each of said wafers (S) in the vertically 
upright orientation in a spin dryer (104) of the 
drying machine to remove liquid from the wafer 
(112); 

transporting each of said wafers (S) in the ver- 
tically upright orientation from the spin dryer 
(104) to a wafer exit station (112). 

10. A method according to claim 9, further comprising 
a step of scrubbing each of said plurality of wafers 
(S) in a vertically upright orientation, said step of 
scrubbing including the step of rotating each of said 
plurality of wafers (S) about a generally horizontal 
axis passing through the center of the wafer (S) as 
it is being scrubbed. 
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